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(57) A sock-sealed junction in a multilateral well 
structure comprises a primary borehole, at least one 
casing segment disposed in a predetermined position in 
the borehole. The segment has a pre machined window. 
A socle 62 is sealed to the casing segment at a perimeter 
of the window^ and the sock being engageable with a liner 
extended therethrough. 




> 



(74) Agent and/or Address for Service 
Boult Wade Tennant 

Verulam Gardens, 70 Grey's Inn Road, London, 
WC1X 8BT Unfted Kingdom 




FIG. 2 



FIG. 3 




FIG. 5 



4ir 




FIG. 6 




FIG. 7 



FIG. 8 



5/9 





FIG. 12 



FIG. II 



7/9 




8/9 




16B 16B 



9/9 




- 1 - 



2353811 



SOCK SEALE3) JUNCTIONS IM MOLTILATERAL WELLS 



Has invealioa rdates ficaeraOy lo tbe coinpletioa of junctions between primmy 
and lateia) weUbores. More paiticuliriy, this invention relttes to new and tmpioved 
methods and devices for sealing tbe junction of a branch wellboce extending lateraUy 
fiom a primary well which may be vertical. siibsUotially vertical, inclined or even 
hofizontaL This invention finds porticulBr utilily in the sealing of jimcQ'ons of 
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20 



multUatcral wdla. that is. downholc well envixoiuncats wh«c a pluraUty of discrete, 
spaced lateral wells extend fiom a connnon primary wcllbore. 

Lateral well drqjing ar>d production bavc been ««r*aaii.gly important to the oil 
5^u..iyia«centyc«3. maclateral v,eUs have beealo^owu for many y««. only 
rel3livdyrecc^lylmvceuchwellsbc«»dclcr«»inedU,bcaa.stcft^^^^ 
aileastcon^)toc<>rrventioBaIweadrim^^^ Alfl^ough drilling a lateral vreDco^ 
3obstantianyrr.orcthHn its vertical .lternativc.al.tan^ 

productivityby several fold, Late«l dxiUiag f-^cs the means for cnbar.cing fid^ 
econp«icsbyacces«ngandd^opingr«e^ixs.hatwo.ldothen^^^^^ 
u^dcvelopusmgconventionaldrillingandcompletionpr^^^^^ HydxocaAon 
reservoirs that are ideal cai^d^es for latcrd technology- are Oro^^ 
lirr.itedmsi7^,multi&»ltcd,orn«t«dlyfiaet^ Other reasons for employing 
laterals are U, address rcscrvoix vertical coaf6rrr,ance. oil «rf gas coning potential a.d 
sweep efficiency. Envin>n«ental issues. ^ as O^cnnmbcr of drilling sites i^ 
sensitivearcaacmalsobc addx».edt^th lateral technology. In addition, mipn>v-i 
fidddcvdopment econonuc^canbeachicvedinlargc reservoirs using md^^^^ 
by improving the productivity of individual weDs thereby reducing iitvestmeni and 
operationBl costs. 

Some wells contain «iditional wellborcs extending laterally ficom the lateral . 
addition^ lateral wells are sometimes refermi to as dndn holes andprimary 



wells containing more than oae lateral „«^ntof 

• . i^rcasingly important, both ftotn the standpoint 
MultiUlendwclUa«b«om,ng.ncrcasingiy ^ 

H w^thciiicreasinglyitnpcrtantstHndl^inloft^v^ 

"^"^ ^deDetidi«ceonattdimpoita»ccofl«teral 

.ells.iatcr3lwcncoixi.lction,andpamc«l«ly 

^movided(8ndcontmuetopiT»vidc)ahortoia 

problonstoov^cora. Laie ^_,i„«d..oa^id collapse of the 

wdlbw* is C3tttcmely important n. 

. 1 well Tbree types of iin«» " 
tublnBmnUtoralwell. inr slots of x'nnous'-^th and 

^l^ecoholcaarodriUcd in th.lm«.(2) 



1 tke wcH Imeth. However. ECP'e are also 
for stimolation or piodaction wmirol along the well leag 

. , ^ ^^firipncies For BUamlc, normal Uttcral wells 
associated with certain drawbacks and defioiei>c»cs.r or « p, 

1- . vote with several bcods it may be difficuU to Insen a 
have mauy bends and curves. InabolewrthscvenuB 

liner with several cxlemal casing packers. 

. A -^^feratfi modium and long radius wbUs, as 
Finally, it is posBible to cement andperfoiBtc mociuoi an 

Ehown. for example. »nU5. Patent 4,436.165. 

Tl^problemofiatcrnlweUborc(.andpartic«larlymultil^^^ 

eornpletionha.bcenreco^..^forn«.vyea«asrcncctedinth^ ^or 

example. U.S.Pa.nt4.S07.704discloscsasyat«ml^conapleth^^ 
.clIboresnsin«adualpackcrandadetlccdvcguidemcmber.U.S.Parent2.797^^^ 

^,osesan.ea.odfbrcompletingUt«alwens^8afl«ibleUBer«^ 



P-«.. 23".070 3i«Wy d-cn-te U»»l ^ ,07 » 

_...„.,»..-«-.^-^ ^^^^^^ 

No8. 4.396.075; 4.415^05.4.444. .^^ead. Othcrpatents 

1 ri^ uidiift aWatc ortube guide hean. umcr p 
devices f«n«Utilotendcamplet.«ioamgatBO, „ ^^etion include 

andpHtmtappbcatioiisof gencnu .ostndian 
,SPa^..oa.2,45...20.4,402.3Si.5..9.S76.5.01.760.5.^^^^^^^ 

15, 1994 wlac ^^^.S- Patent No. 5.474.131 wlud^xs 

.^iljSSN 08/18B.998 filcdlaiW 26,1994.t» 

also commonly assigned auflUKpp ff^riveand 
. i4otwitbstan<fin8the*cn,,Hicscal«dattcnq^ 

^e^od^^andde. ^ ^ , ... (pa^c.^^^ 

xn^tilateral sysietm) ««i«lueving zone asol 



multilateral wcU system. 

Some ofthe most recent developments iwlude the Ibltow one method for 

cementing the junclioo between the main borehole and the lateral borehole addresses 

the issue of creating a windov* in the inam (or primary) hole, drUUng a hiteralwellbore 

awl theft sealing thcjrmcturebetweca the lateralandpi^ 

abifity to le-cntcr ea^iTattol weUbore.as weU as to maintata the optim 

function thai could be donema single wellbore. For this reason, cemented laiaal 

wcUborcs are desirable so that nonnal isolation, stmiulation or any other operation can 

be achieved. 

In acconJsiKM with this prior art method, prior to running in a no^-cl "hook" liner 
system described hereinafter, a standard whipstock is used to mill out a wmdow in the 
side of the casing of the primary wellbore at the location where it is desired to driU a 
l-dteralweUbore. 

In accordance with this prior art method, prior to runnhigia abookhangcr 
system (fully described in U.S.?«cnl5.477.925. and briefly described hcndnafter) a 
standard whipstock is used to mill a in the side of the casing of the primary 

wellbore ai the location where it is desired to drill a lateral wellbore. 

The hock liner hanger is run on top of the lateral liner. TTie liner is run into the 
maincasingandlheaottltbotighlheaforemcDtionedainedwindow. ThehookliBcr 
hanger has a pre-n^chined window, a hook system, and a rc-eatty system. When the 
hook on the hanger locates on the main casing milled window, ii orients the hanger, so 
that the pi»-machined wmdow is aligned with the lower part of the main easmg below 



;« usioe standaid cementing techniques commonly 
Oie liner can be cemented m place, using rana- 

V .ivawv above the Bte-macliiMil window ">d then 
puiiipedtapl«*tet«bec«.bei«IMt«lc»W>« I" 

aiveawlbKkdiwm'hro""**'!'''-™^'™™' 

o to m« c»ai« *d»w *• ™T1«1 "i"^- 

^«a.tion,.td»^VcU«,*-«-i«.venio<.wh»««fe»n.fi»c— 

^™.UUpo».-«eU,».i«id.*.n*.w^'^V«»''»'-^«"^"" 
^^.^^^.^."^^-^'-^'"^'"''"''^^'''^ 



bolow the window which was initially positiv.Kd for the whipstock. When the 3x«:hor 
lands in the packer it wUl orient in the same manner as the whipstock did. The 
oricntadanv.ill al»o aHgn a seal system which wiU land b *e 3hort acction of casing 
standing fiom the hook Unar hanger. The seal system canbc of any of tbccoxntnon 
types such aa a element, chevron seal system, or an interference seal system. 

' Thc-niook-liberhangersystc^includcsn'liook-andiBnminto^^ 
and then through the a&r«nentioncd'nuU«i window. The W liner hang^ system is 
n«intotheUt«al^eUborcuntil*eW'hang«lacalesonthennUc^ 
n^inprimaxywellbore. inside the liner hanger systemic a «ilpipcassemhly 
with adjustable opposing The taU pipe assemhlycamesliqmd cement or 

other fhiida as required to inflate exterxud caaing padccn. ^ 

The end of Ihe-hook- hangcrliner is then pU^ to allow thchydianHc set hanger to 
setbyn^eansofappUcdprcssurc. An eternal casing packer located near the end of the 
"hook- lincrhangexsystemis iheaiaflated to aealtiie lateral wellbore antmlar space 
jiwbdowthec^nimtingvdvcofthe-hookriinerhaisersys^ Opposing "awal. 
cups" arc used to direct fluid to inflate the exiemal casing packer. 

. ThetaflpipcassemhlystringisthoiwilhdrawnbighenoughtoaUowtheendo^ 

the tailpipe assembly string to be puUed from the lateral v,elW «»d ^ 

&e main wellbore through tbe pre«uUed window of the "hook- liner hanger system to 
assbiin«du«agdebrisfiom&llingintotheinaiawellbort. V/Tnle tbe system does 
creale a good scaled junction it is a difficult process and an easier and more speedy 
process is alwa^ desinbk. 



U.S. Pjtent jumbcr 5.318,122 discloses a number of embodiments employing 
differing forms and hardeoable filling materials. The methods include employing 1) 
an inflatable mold which utilizes a hardeoable fiqoid like epoxy or cement; 2) 
expandable inemoiy metal devicta; 3) swaging devices for plasiically'defoiming a 
scaling material; 4)Iiner eeals for sealing between the liner and the primary bote; and 5) 
side pocket device^ to ^ ide a liner into the lateral. 

All of 4c prior art devicscs and methods while pecfonning wdl for their 
intended fijnctioDfi are still in need of iotpiovemcn^ A particular area of impiovpmcat 
desired is in the cement at the jimction which in present art is enq^loycd as both the 
junction and the seaL TUs works nuogmally wdi and is stAject to AiIutb due to 
linatations in the cement material ilsdf or the ability to place the cement successfully at 
the junction. More particularly, under the conditions do^vzihok, cement coo &il by 
dctcriwanng to such an extent that the seal begins to leak thus comamiD ating the 
prodtictioa. Therefore it is desirable to provide alternate junction creating md scaling 
azxiuigements which may be more reliable and improved per&mumce uncfcr downhole 
conditions. 

The above-discussed drawbacks and deficiencies of the prior art arc overcome 
or alleviated by the methods and apparati of the invennou. 

In a first set of embodiments of the mvetitior a multilateral scaled machined 
window is discloaod. The method involves machining the outline of a window in a 
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piece of casiDfsuch that M tiurt remains in the outUnc i$ a vcty thin piece of the 
original wulL The fact thai casing remains hdps to F«vcnt debris from entering the 
i«ade area of the casing dnring running of the primary 
downholesuchasdriUi.g.milling.etc. On the ittsidc of the window a feature i. 
providedto^Utc*erc«noval«ui««rievalof&cwindow. l^he method provides a 

very cieanvindow th«,agb which tools iniVP>« ^ 
Sinrilarembodi««tainctadBn««*ii^ 

:heholeswidtadissoW.blecan^orcvenn«chinelh.cntirewindow^^ 
the openingwithan easily driUabU or dissolvable con^ound-Theay^eman^^ 

bothnu^intainingp^aure integrity of t^ 

p^vides a precise window shape making aeaJing thercagainst more eaaUy attainable, 
m arrangement ah» benefits from ti>e fact that the window piece removed is 
wilhcJiawn upbole and therefore leaves minimaJ or no debris. 

Inan aUemale embodiment of the fot set of enibodiments. a window in the 
casing canbe machined with a downhole milling machine comprising a template 
having . sroove in which a pin glides to direct movement of a cutting tip to ensure that 
the window is cutin a predetermined set of parameters such as size and shape. U« of 
the system avoids qnestions about the shape of the window and ensures a good sealing 
surfece. The milling machine is driven by el cctric means, pneumatic me«ns or by 
hydraulic means and is preferably hdd against the casing b)' hydraulically acmated 
pads. 

In isecond ,ctof embodiments, a mvdtilateial compression sealed junction is 
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ducusscd. Ajr eLasiomcric seal is bonded oa the O^. of a maclibed window or oa 
the liner; the liner iiwhides a wedge or a plarality of unidirectioaal collapsible fingers 
oriented such that cither the wedge or the fingers may pass through the wijidow in the 
outward dizectioD only. Drawing the liner back uphole seats the wedge or fingers 
againsi the elastozneric seal defbuniiig the same radially inwardly to efifect a pressure 
tinht seal The inward deflection of the clastoxnaic seal can be assisted, ildesired. by 
the addition of a flange racUally ouiwardly of die seal against which the seal will bear 
preventixv radially outward movement of Oie seal. Thus, the only available direction 
for the compression expansion of the seal is xadialty inwaid In order to maintam the 
produced pressure tight sea] die Inxermay be anchored iu the main bore via a number of 
xDeOiods and apparati known per se (e.g. packers, hangers, etc.) and the liner is then 
cemented in place. Alternatively* the liner may be supported by die string which placed 
it while it is bdng cemented vn place. Subsequent to cementing, tbe liner segment 
reniaming in the primary hole is drilled out to regain oommunicatioa with the primary 
bore lower than ibe lateniL 

In another set of embodiments, a multilateral side pocket sealed junction is 
disclosed. A side pocket is supported on a casing in a hinged arrangement such that the 
aide pocket is nudntained witiun the casing adj acest to a . niBchined window for nm 
in and is then displaceablc outwardly through the ^machined window until an 
elasiomeric seal is put in contact with the casing thus scaling the junction. The 
formation is preferably underreamed piiOT to completion to provide room for the side 
pocket to swing into the deployed position. Once the side pocket is set a diverter of a 



-12- 

known variety is employed to kick b stting into the lateral through the window and 
junction. Benefits of the method include a round sealing surface al die csiit point of the 
side pocket. This alkjws leUable and simple seal fbnnation at the linn-sidc pocket 
intersection. 

An aitamtive of the side pocket embodiment bonds an dastomeric material to 
the aide pocket to the window to create the seal while fte tool is at Oie smfiicc. Tlic 
sidd pocket is then pushed stnigbt into die window to the inside of die casing, 
nretdiittg the scaL The tool is run in hole m this condition and mi^r then be deployed 
by simply pushing the side pocltct out by means of a xunning lool. An advantageous 
seal design for this ainuigament allows Hw stretdied seal to be tmpped between die 
casing and the side pocket. 

Anolher alteniative is to mount the «de pocket in flw nm in position and 
completely cover (he window with clastomcric material bonding the material to the 
casbs *nd to the sdde pocket at eveiy pan of the sur&ce vktcrc the rubber touches the 
side pocket. To deploy dns tool Ibe side pocket is puahed tfan^gb the cov^ and the 
hOcral is extended through the rubber. Bccaose the rubber is bonded everywhere on die 
side pocket, however, a good seal is maintained between die side pocket and the main 
casing.. Once the lateral is ccmeated, the elastomer and cement act ia concert to 
m a intain the seal at the junction. 

In stiU another junction sealing set of enibodimcnts, a sock ofbraided or woven 
mattrial bonded in rubber is attached lo a jsachined window in a casing segment by, 
for example, an adliering compound, and in some cases by aim wr^ing Uw woven 
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A A«trt ttewovcD aaiurc of ihe sock. a"C3iinesc 
window. Asfliesockstretcbcs,aBdductothewovcnaaiu 

liaser aiff' action « icahzcd ^ wcttc'* » 

. « seal mav be added on the ring if 



Imown methods and apparati. 
detailed description and drawings. 
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Rcfming now to tht- drawings whorin like elements are nu«bc«d alike in the 
several FiGURfiS: 

FIGUKB 1 is apospcctive view of a first altexnative of the first set of 
cmbodinients of the invention; 

FIGURE la is a ooes-sectioQ view of FIGURE l iUuslniting internal featum 
• HGURB 2.i« a.paspective view of the second alternative of tbe first sel of 
embodiments of the inventian; 

FIGURE 3 is apospcctive view of the ihhd alternative of the flisl set of 
cinhodimeats of the invention: 

ncURE 4is aperspective viewof acomprcssion seal embodiment of fbe 
invention; 

FIGURE 5 is a penpective view of an ahenute compression sen! tnibodimait 
of the invention; 

FIGURE 6 IS an elevation view of aprior art HR linernmning topi engaged 
with a liner of die inventien; 

FIGURE 7 is a cross-aection view of a side pocket tool of the invention in the 
nm in position; 

FIGURE 8 is a view of the tool inFTGURE 10 in the deployed position; 
FIGURE 9 is a cross-section vic^.• of « rfterwtivc ride pocket junction seal of 
the inventian io the rm in position; 

HGURE 10 is an elevation view of FIGURE 9 in die deployed position; 
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u a cross section vieur nf -i i * - 

oi a socic scaled juncaon device of the 

mvention in ihc mn in position; 

FIGURE 12««, clcvatiuavic^ofasodcscaledjuiuniondeviceofihc 
mveniian in Oc deployed position; 



. FIGURE 13 is a,chcnW di,«ramof«i «nbodia,«l of anriUing dcvioe^wfli 
acutti„gtoolpositianedi„.wellbo«forc«ltingasectionf^ 

FIGURE 14 is apactial cross-scctional ride view of the laUling device haviag a 
outtbg len^late installed; 

FICUHE 15 is »P«rtl.lOTBHcctional lop vicof d«cp,p„rti„.,jK3,jgg 

todiecasif^ 

FIGURE 16 is a scbematic view of an oval groove; 

nOURE I6A is an edaxgcd view of a portion of FIGURE 16 takib along 
circumscription 16A-16i^ 

RGURE 16B is an enl«BBd vie*- of aportion of HGURE 16 talc« alo«g 
cireumsQiptioa lfiB-l(SB; 

HGURE J^a'^aU^aaecondprdenxdcmbodimemthatudlizesani^^^ 
device as part of the milling device. 
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With reference to FIGURE 1. one.of sk.U in the art wiu appreciate cvAng 10. 
The casing of the inveolion induda groove 12 cut therein m the outline of a 
for a prospective lalecal borehole, ftefet^bly. the depth of the groove relative to the 
thickneB of caans material is in the range of about ]•/. to about 15% of the eniire 
tfaickneaofOiccaainKnalcrial. Tlicn»^ofgroovedq,ai, preferred in order to 
retain sufficient rtrength of the window cover during nm in yet allow for letalively eai^r 
mnoval at the desired time. 

To fteiUtate removal of the window pane 14, aranoval fcamre 16 is provided 
on theimcriorcfthe casing lOattachedtopane 14. Reference to HCrURE lA will 
provide one example of feature 16 hut it is cautioned that in no way is the invention 
limited to the typeoffeamre 16 Shown. Rather the feature 16 may be ofanyduq^ or 
pliuxmemthatinayfadfitatclocaringthewindowcoverandit-sremov^^ Moreover, 
feature 16 may be a groove or a plurality of grooves used to locate and retrieve the 
^•odow. It should also be understood thai the feature is not eritiealto openUion of this 
anbodimeia of the invention. Feature 16 may be omitted and the window cover 
removed by other means. In the preferred ammganent. however. d,e fcatum i, p„c« 
since remo>-al of the window pane 14 uphole and out of the well becomea zn easier 
proposition is that instance. 

Subsequent to removing the window a clean, ^.achined surface is pmvided 
against which conventional tools may bear and in conju«:tion with which sealing 
procedures may be cairied ouL 



Ill an aJtetnaie cmbodimcDt of FIGURE I» illustrated in FIGURE 2; the groove 
12 is substituted fi>r by a perforated pattern. Preftnd}ly the per&ntioait are filled wi th a 
sealing compound to prevent exchange of fluids from inside to outside of the casing 10. 

In aDOtfaer alternate embodiment, (FIGURE 3) the , machinbag of the window 
is completed so that an actual window is present in casing 10. The window opening 18 
is preferably sealed wx& an easily diiilable or dissolvable compound such as nttrile or 
zinc/ Because of tHcrratiovidiility of the window coveriAglO. damage is not done to 
the machined window and fiiqicrior sealing thezeagainst may be accomplished. 

In another alternate embodiaent of the xnventiion which provides a 
diaenslonally ensured window, the window is not aiachined above ground 
but rather is machined downhole by a templated milling machine. It will 
be understood that the machine may be employed where no machining has 
been done abbve ground or to finish the window where some machining has 
been done above ground. 

In a second set of embodiments of the invention (FIGURES 4*6) a compressioa 
seal is efibctcd by employing either a wedge or a multiplicity of unidirediaAal fingers 
to compress a preferably robb^ seal. It will be understood that the wedge embodimeDt 
may employ a mbber seat and may be onployed without such seal. 

Refoxing to FIGUKS 4, the wedge 22 is preferably made of an at least 
moderately dclbnnable material The wedge 22 must deform in one dixection to allow 
it to pass Ihrou^ the window 24 m The casing 26. Once through the mndow, wedge 22 
may be drawn back against casing 26. Where wedge 22 is constcucted of a suitable 
sealing material a separate seal is not necessary. Where wedge 22 is constructed from a 
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.^^»eaUi«>» shown) should be provided cither oa 
material not smtcd for sealmg a separate .^Un 

drawn opbolcagauMfoasmg^ , „ 

♦ • -lAUfiom Baker OUTool5,HouSton, 

T««. depicted i.FlGUKE 6) up«ferrcdYK>th for nm» 
to create the seaL 

^ «rftvvde a compressive force, as does wedge 
fi«« arepuUed against the casmg and provide a compres 

f«,«c^n«26avuDd window 24. Arvbberscal28« 
22 on theaealLDg area ofthe cawngze axv 

■ .56Wiiiaybeboadedtothefiiiget$orevaitiuybe 
prefecably bonded to cnsmg 26 but may oe «^ 

loosely Iwmg around the Hacr. 
r«iiallyoutwaxdmovemcntofseal2S. FlW 



For both alternative oubodimeots Ac liner is beld uphole by the HR tool 32 
until cementing 15 completed whei^er wedge 22 or fingers 34 ^^ill be maintained 
permanently in a posilion where a compressive seal is achieved agdnst casbg 26, 

In a tbxcA set of «iibodiment$, refecting to FIGURES 7-l0» side pociceu are 
eoipjoyed in various methods to efTed a seakd junction. In the first alternate, 
fllostratcd in FIGURES 7 and 8> the side pocket 42 is hinged to casing 44 at hinge 46. 
Hinge 46 allows side pocket 42 10 swing fiom the run in position of FIGURE 7 to the 
deployed position ofFIGURE 8. 

To &cilitate sealing of the anangemcnt, side pocket 42 includes flange 48 on 
what will be the only patrt of dde pocket 42 to remain inside casing 44 when the device 
is in the deployed position. Flange 48 provides a bearing surface for dastomeric seal 
SO designed to nute with casing 44. It will be :q>pieciated £ba: seal 50 should be oval 
and concave to provide a good seal agauist the interioc surface of casing 44. 

For run m, preferably, side pocket 42 is held inside casing 44 with any 
conventional pinning or loddog arrangement, in order to reduce the overall size of the 
tool during ran in. The tool will be deployed in a previously undeneamed section of 
borehole. Uhdcrreaming is important to the system because the tool in the deployed 
position is significantly larger in radial dimension than the drilled hole in typical wells. 
Deployment of the tool will preferably be by a known setting tool niany of which ax^ 
conwnercially available frtan Baker Oil Tools, Houston, Texas. The shear arrangement 
will be sheared by the impetus of the setting tool and side poeket 42 win s^ing into the 
deployed position. It is preferable to support the pocket 42 with a locking sleeve typ^ 
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•langcmcat ii>side tbe c«ing to maintaii, the imcirity of ib. seal by urgmg th- nde 
pocket against the casing wall. TU invention provides . reliable diaple »d cflective 
junction seaL 

An aJtonative ridepockel sealed junction. stiUrequiring underreaming of the 
tw«et aica, pushes ibc side pocket straight out tiaougbth^ 
employ a hinge anangemenL Mosi pitfcrably, lefcmng lo ncuUSS » and 10. the 
device is created ><*«iin« a window 50 i.i casing 52 aad bond^^ 
claaomaic seal 54 to bodi casing 52 and side pocket 56. The side pocket will be in the 
d^loyed position during device construction. Then the side pocket 56 is pushed into 
the lumen of casing 52. sttetcWng the ehBtomeric seal to the extent indicated in 
HGURE 9 by 54a in order to allow the side pockd to con^letebr icside in the interior 

cfthecasing- Side pocket 56 is pnrfenbly pinned or locked in place and is thus 
protected fiir tiw run in of the tool 

A setting or nmning tool is employed to release the side pocket (not shown) and 
topuahtbepockat56ouiofcasing52inlothedeployedposibW In one jatfcoed 
MWigancnt seal 54 is bonded outside easing 52 around window 50 and lo ade pocket 
56. In this emboditncnt. after seal 54 is stretched, the stretched pa« 54a win mndn 
inside casing 52. doubled on itself, thereby creating a compiession seal betw een side 
pocket flange 58 and casiiig 52. 

An alternate anansemeni bonds tbe clastotner inside of the casing and adjacent 
the wfadow 50 and to the ihmgc 58 of side poclcct 36. Tbe result is a less stretched 
elastomocic seal which may be desimble for some applications and conditions. 



-21- 

In a foorth set of cmbodizncnts («ec FGURES 1 1 and 12) a sock scaled junction 
is disclosed. 

A sock sealed jvDCtian provides ivuvea or hraided cables bonded in a seal 
material, pre/ecably of clostomoic constnictiozL Tlie piefezred bomiins! ^lagfj^Tpff is 
nitrile and the preferred composidon of tbc cables is steel, cobon fiber , Kevlar ( rtm) , 
-geneni ibe material for the cables is selected fbr its uosile strength, heat restslance; 
abrasion xcsistuwc and chemical decexioxation resistance. Particular resistances 
preferred include acids solvents and oils. Pailicular attributes for the preferred 
maicriala are elasticity and bonding strength. The cables 60 \visd aroond one another in 
a pattern »oilar to a Cbuiese finger Iodic At the proximal end of sock 62» cables 60 
may be joined to casing 64. The joining may be eonied out in a number of ways but 
preferably are welded to casing 64. The seal material must be bonded to casing 64 to 
create the necessary seal 

Cables 60 are bonded wiOiin elastomer 66 which provides the desired aesl. Lq 
the moat prcfexred embodiment, the sock 68 includes a metal (or other suitable 
malecial) ring 70 for creating a seal against the liner (not shown) that passes 
thercthrouglh. A seal may be attached to the ring or a seal bore may be provided in the 
ring to receive a seal from the Uner. The seal bore can be a polished bore to use 
conventional scaling techniques such as those illustrated as 7 1 m FIGURE 12A. 

Construcuon of the sock sealed junction is carried out in flje deployed position. 
Once the sock is attached and scaled to the casing 64, ihc entire sock is inverted 
(FIGXjRE 1 1) bro the inside of casing 64. Ring 70, in addition to its seahng fimcrion, 
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is employed as zn anchor poim for temporacy attachment of the sock inside the easing. 
In FIGUKE 1 1 pins 72 are iUustrated. Once sock 68 has been inverted ind pinned, a 
protector sleeve 74 is inserted ftom the uphole end of the device Ibiough the sock and 
through Ibe window 76. Sleeve 74 protects the socle and tbe ring from beiiig damaged 
by the drill string wbiie it Is passing tlwough tb* wiadow 76. Piotcctor sleeve :;4 can 
also TitiHze a flexible ribbcr oal« diameter to mab^ 

pievent drilling debris fiom damaging the sock. A Uivcrter/whipstock is placed below 
(downbole of) window 76 to assist in directing the drill string Ifaiough the window to 
drill the lasetal. 

The lateral section in close proximityto the window is undcneamed to provide 
space fcr the sock »o be deployed. The sock device is run in hole in tbe inverted 
positioa and held fliei« by on attachment means wtil *e laleral borehole is fully drilled. 
Attachment means canhe anything capable of supporting «he sock in the inverted 
posidonandsobseqnentlybcinducedtoteleasethesockfordeploynient. jhcn 
protector sleeve 741$ drawn out of the hole and aMncx (not shovm) ie nmon a 
conventional linerninningtooL As the liner pushes toough 4c ring it carries tbe sock 
to the Tight-adcomposiaoo. Moreover, as the liner continues to move dou-nhole the 
sock 68 is extended jmd because of the woven construction thereof, constricts afonnd 
the liner to create a good seal for the junction. 

The ares beiween the sock LD. md liner O.D. may also be filled wlh cement. 
q>oxy or some other material to enhance the scaling/joining characteristics of the 
juncdon. 
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^aticdugnonofa system 100 for cutting or nuOkg 
FIGURB 1 3 18 a sdicmanc awbi** 

, I f> !««nwtates a dovniholc Bulling device 
«.t«ialsiraweUborcU2. Tb. system UO a««tpctat 

iUcontaiBingacattinstoolll6(PCiUius 

in flMB disclosure, oAcr xnatenaU cm P6 
casing U8 is employed by way or «uuu|. 



invcntioii. 



Rrfcmnfi to HGURE 13. the 5y««m 1 lO 

„dlHngdevioe(hcrduTcfciiedto.stM _ no nuchas 

iik«rB 112 by a suitable conveyor 1 30. «iicn as 
, H-«™i20ofaderrickl22intothcweUborell2bya 

platfonnl20of ^ .^thepanofcasingnStobecuL Tbesy«cm 

^i„«orwi.lino..odpostt.onedad,«ce«tt. ^^^,,,,^,oc3doa 
,.^p^letoemploymy.nownmean.fcrptovtdmgp^on^ 

priortomiHiBSthewmdo.. .^n4basalubt:lHrbousiBgl32. 
wmt«*ntcd'-Fl<3UREl4.themillmg«lcvtccll4basalu 

,^viaasmt3bleconnect« 134. Thchous».g 
,,iebi.connectcd^tbd.cconveyorl30v.aasm . ^,p^cr 

^ .»«n«.t3 fox the tmllins device 114, such as apew 
132 contain* the various support elements loi 

l^con»u" ^rt«ctoolll6andothcrcoitvoneBXsas 
,cctionl20fersupply«g«nergytothcc«xt-.6tool 

r bed^ow ..opartic.ar.cr^P^Ce.edU.cc«icity^cb«s^pU^-W 
^^bedbdow.. buf.twiUbe««l«tocd^byd«»Ucot 
TEC vmc, batteries. «^acttor» or generators, Du 

^ «,a«r50uice6caa also be employed, 
poeumotic power souiw* w 
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As illu«tratcd in HGURES 14-15. a cage 150 attadwd to the lower part of the 
housine 132 coiUak).<; a control writ 152 for contiolUng the vertical and radia} position 
ofthe cage 150, a template 154 and the cutting tool 116. Thecultingtool U6maybe 
continuously posiUoncd and oriented at the derired locationn««r die casing 1 18 by 

contiol drcuitry 122 cdnt«ned in the downhole milling device 1 14 aiid/or at fte snrfeee 
• *. . 

124 (FIGURE 13). 

The control unit 152 uses a tenxplaie ann 156 to urfic the template 1 54 and the 
cutting tool 116 egainet the casing U 8 and to maintain the rcquiied pressure to keep the 
cutting tool 116 inplacc. Agroove 158 in the template 154 emulates the geometry of 
thecuttingpitjfitedeaiedtobecutintotbeeasing 118. A tctnplate guide pinl60. 
loculed at one ctkI of *e culUog tool 1 16 «.d seated in tte grorwe 158, ia attached to a 
cutting tool 162 *l»icb holds a cutting element 1 64. Tbe cutting tool body 162 is 
comiected to Oic control tmit 152 via a cotiliol line 166 and contains amotox 168. gears 

1 70 and a tool holder 172. 

There areiniiiv different devices, wcll-knovra in tbe indus^^ 

as the cutting element 1 64, such as a mlllmg cutter or drill (for mechanical cutting 
HGURES 14-1 5) for mechanical cuUuig or a nozzle (not shown) for the concentrated 
dischaiEeof ahigb-pressure fluidtbereftom mthefimnof ajel stream having a 
relatively sman cross sectional area. TTk driU and the ntwde are examples and arc not 
intended to limit the scope of flie invention. Any cutting appaiaius adaptable for use in 
tbe Indusiry may be nacd with dris invention. 

For the majority of downhole cutting or milling applications, water discharged 
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at a pressure greater than 1 10.000 psi (7734.1 kg/cm^ may be adequate to remove 
materials from within the wellbore 112. In cutting casing 118 casings may be more than one- 
half Inch (1.27 cm) thick, higher pressure may be required. The nozzle may be made strong 
enough to withstand discharge pressures of greater than 200.000 psi (14062 kg/cm=). 

• • \ • 

• Aaorieniadoasectioa 144 can be placed above t^^ 

* 

oriwliag the cage 1 50 and the cutting tool 11 H at the desiml position such thal Oie 
tempble 1 54 is properly aligaed vdft the casins 1 1«. Cage 150 cuniaiamg ihc cutting 
t6oI Il6ondtheteiivlatel54.is rotated abouiihe axis oflbe M,-cllboie 12 to radially 
posidoA the cutting tool 1 16 and a»e template 154. Cage 150 is then moved axinUy to 
positioA cutting looil 1 6 and icmplale 1 54 along the axis ofthe wellbore i 12. 
Downhole hydiaulically opciated devices or dcctrie motors (not shown) have been 
TrilizcdfarperMiingsiJchfunctiwisandnnfWeUknownm Anys»icb 
salable dc\ice nay be utilized for the purpose of tins Invention. 

• In die configuration shown in HGU RK 1 3, the cutdag looll 1 6 can cm 
materiak along ibe interior of the wdlbore 112, which may include the casing 118 or 
an area around a junction between the wellbore 112 and a branch wdlbore, (not 
showx0. 

A snrfecc conliol unit 146. as shown in HGURE 13, placed at a suitable 
location on the plat&im 1 26 preferably conlrob th* operation of ihe system 1 1 0. The 
surface control unit 146 tan indude a computer, associated memory. » recorder for 
recording data and a display or naorator 147. Suitable alarms 148 arc coupled lo die 
surface control unit 146 iind are selectively acnvated by the sui&ce ccntrol unii 146 
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herein. 



to ffie cntdms side is suffident. 

. 1 1 « meed agaoMt the casing 118. The cutting 
tool 116 such that file cumng dotient 164 is urgca a8«» 

<lesired cuttinB action as flic cutting tool 

dement 164 is tbcn activated to gcnenrte the dearea cuwing 

1 <« i« t>,.. temolate 160, Tn the ptcfoned embodiment, 
1 16 is moved aloogtl^ groove 158 mthe leropiaie lov 

J . A- .m^nve 158 by the action of the gcnrs 170, 
the cutting tool 1 16 is moved along the gcoovc 138 oy 

1- to the cear* 170 and the motor 168 in the cutting tool 1 16 
Control signals can be sent to the gears i « 

via the control line 1 66. 
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„oovc 158. Exemplary DhBtrationa of ftis 
iCT«»/ll59 Ateiefrwiew of the features 



groov i» offset at top and bot^ 

ih. WXate for its full '^J.'^id oJ ^, ovl it .lips ^« ^ ^ 

AS th. «ollo-ing pin !s t^n.ion«l it cnnet .lide inta 

S'd/S'tS^ rax!^it^:.:rd »ot.d .t.^* .eatu«. 



ai«ction of movcuirtt of the eatter is t«cess«y the features 
dirftctioittl widif * specific ditection oimo 

TTuisl be modified accordingly. 

• ^.witNviUietiudninthcposHionsiteithaabccji 
If the sectLon to be cvtt such that it wui leniam 

«t tend or other itnpcdiment). 01 if Uie cut seelioD ca» 
cur (due to the presence of a cement bond or otner 

.edroppedto:hewcUb<«ebo«o«.deh.a.th.thc,y,.«nll0.avbesetsoth.t.^ 
e^Unstool ll5.^.s«lditS<«.lcuts.ithUithcp«iphc.ofthede.n. 
^^sectiot.ofc3sit.gUB.cutintopicces^t«a.allc.ush.obet^^ 
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to ibc surface by circaiating a fluid (not shown) through the wdlborc 1 12, as is 
coRunonly done far such piupose. 

Doting operations, the dowobole control unit 152 cdn comtDunicate with the 
surface control unit 1 46 via two-way telemetiy 174 or aqy other communication 
technique. The dowuhole controls fin- the telemetry 174 are preferabty contained in a 
downfaole telemetxy soction 140. 

FIGURE 17 shows the downhole U)ol of FIGURE 13 with an imaging device 
180 attached above the cage 150. Tools for imagtog portions of a wettbore interior 
exist in the field and»therelbre,w31 not be described in detail. The imaging device can 
be utilized to eonfum the Axpc of die section of the casing or the junction after the 
cutting operation ba^ been pcdbrmcd. The imagiz:^ device may also be ^utilized lo first 
image the area to be cut to generate the desired cutting profile and then to confizm the 
cut profile after the cutting operation. 

While preferred embodiments have been shown and descdbcdp various 
tnodifications and substitutions may be made thereto without departing from the 

scope of the invention. Accordingiy^ it is to be understood that the present 
iuvcadon has been described by way of Dlustzation and not limitation. 
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CIAIMS: 



1. A sock sealed junction comprising: 
5 a primary borehole; 

at least one casing segment disposed in said 
primary borehole in a predetermined position therein, 
said segment having a premachined window; 

a sock sealed to said casing segment at a 
10 perimeter of said window, said sock being engagable 
with a liner extended therethrough. 

2. A sock sealed junction as claimed in Claim 1 
wherein said sock comprises a plurality of interwoven 

15 cables and an elastomeric sealing material. 

3. A sock sealed junction as claimed in Claim 2 
wherein said cables are attached to said casing. 

20 4 . A sock sealed junction as claimed in Claim 2 

wherein said elastomeric sealing material is bonded to 
said casing. 

5. A sock sealed junction as claimed in Claim 1 

25 wherein said sock includes a seal ring disposed at a 
distal end of said sock. 

6. A sock sealed junction as claimed in Claim 1 
wherein said ring is releasably lockable in said 

30 casing. 

7. A sock sealed junction as claimed in Claim 1 
wherein said junction further includes a protector 
sleeve disposed within said sock. 
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8. A sock sealed junction substantially as 
hereinbefore described vTith reference to and as shown 
in Figures 1 to 5 and 7 to 17 of the accompanying 
drawings. 
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